Fatigue and Static Properties of Welded Joints in Low Alloy Structural Steels by Nordmark, G.E. et al.
i-
T 'I 
1t 
---
,-. 
.,opy. 
1 
"-
L ENGINEERING STUDIES 
~RUCTURAL RESEARCH SERIES NO. 114 
\-L 
FATIGUE· . '}gATIC . PR PERTIES F ELDED J INTS 
.INU.~ . ;~~L VLgRUCTURAL STEELS .. 11' ill" j ~ 
Katz Re.ference Boom 
Civil Eng1neeringDepartment 
BI06 C. E .. Building . 
University o~ Illinois 
Urbana, I~linois 61801 
By 
Approved by 
N. M. NEWMARK 
and 
w. H. MUNSE 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
FATIGUE AND STATIC PROPERTIES OF WELDED JOINTS 
m LOW AlJ.t)Y STRUCTURAL STEELS 
By 
G. E. Nordmark 
z. Shoukry' 
and 
J. E. Stallmeyer 
Approved by 
N. M. Newmark 
and 
Wo H. Munse 
A Report of an Investigation Conducted by 
TEE DEPARlMENT OF CIVIL ENGINEERING 
UNIVERSITY OF ILLINOIS 
In Cooperation with 
TEE OHIO RIVER DIVISION LABORATORIES 
CORPS OF ENGINEERS 
u. S .. ARMY 
Contract Noo DA-33-017-eng-255 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
13 January 1956 
SYNOPSIS 
Part I 
The purpose of the teots included in Part I of the present invest-
igation was to determine the fatigue and static properties of butt-welded 
joints in A-242 steel and to compare, quantitatively, these results with 
those obtained from similar joints in A-7 steel. Tests were performed on 
three low alloy steels having appreciably different chemical compositions 
to determine the uniformity of the results. The report includes the 
results of tests of four types of specimens: plain plate specimens, 
longitudinal fillet-welded jOints, and transverse and longitudinal butt-
welded jointso 
All of the fatigue specimens were tested on a zero-tension stress 
cycle of such a magnitude that failure generally occurred between 100,000 
and 2,000,000 cycles. 
~{hen subjected to repeated loadings the low alloy joints (welded 
with low hydrogen electrodes) were found to be about 15 per cent stronger 
than similar joints of A-7 steel prepared with E60l0 electrodes. Howeyer, 
when compared to joints in A-7 steel prepared with E70l6 electrodes, the 
advantage of the A-242 joints was less than 10 per cent for the butt-
welded joints, 
Part II 
The second phase of the investigation was carried out to determine 
whether brittle fracture would occur in a simple welded joint as a result 
of the stress concentrations inherent in a welded corillection. The results 
of the few tests which have been conducted indicate that there is a 
considerable reduction in energy absorbing capacity (reduction of area and 
elongation), but little difference, however, in the strength or in the 
fracture appearance. 
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Io INTRODUCTION 
1.. General COIDlllents 
For several years the Ohio River Division Laboratories of the 
Corps of Engineers has sponsored a research investigation at the University 
of Illinois relating to the weldability of structural steelso From the 
""'* ~indings of the initial program, a correlation of the literature~ ~ it 
appeared that the introduction of the low rqdrogen electrode represented 
one of the more promising developments in the field of weldabilityo 
Accordinglyp several investigations were conducted to determine the effect 
of the presence of hydrogen in the weld metal on the bend properties of 
weldments2,3, the fatigue strength of weld meta14J andp finallYJ the 
-·6 ~atigue strength of welded joints)J 0 
With the completion of the studies relating to ~vdrogen in the 
weld metal j programs concerning two other problems in the field of welda-
bility were initiated 0 ~ne results of the first and major portion of this 
study, an investigation of the fatigue and static properties of welded 
joints in low alloy structural steels meeting ASTM designation A-242, con-
stitute Part I of this report and also an earlier report 7 entitled, 
"Fatigue and Static Properties of Welded Joints in Low P.~loy structural 
Steels!U, January 19550 Part II of the present report concern.s an explora-
tory investigation to develop a suitable method of studying the effect of 
the presence of a weld on the tendency toward brittle fracture of structur-
al steels. 
* Numbers in superscript refer to the references listed in the 
Bibliography at the end of the texto 
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PJffiT I 
FATIGUE AND STATIC PROPERTIES OF WELDED JOI~~S 
IN LOW AlLOY STRUCTURAL STEELSj> 1954-55 SERIES 
IIo DESCRIPTION OF SPECIMENS MIl) TEST PROCEDURES 
2. Object and Scope of Investigation 
The tests reported in. this section are a continuation of the 
series reported in VVFatigue and Static Properties of Welded Joints in Low 
Alloy Struct'L1Tal Steels~n7. L11 that report, it was noted that the results 
of the few previous fatigue tests conducted by Wo Mo Wilson on butt-
welded joints in llliTM-A7 and low alloy steels bad indicated a maximurll 
increase of 20 per cent in the fatig~e strength for the jOints of low 
alloy steels as compared with a 50 per cent higher yield strength. Thus) 
it is apparent that welded designs based entirely on the yield strength 
of the steels would not have equal factors of safety if the structures 
are to be subjected to repeated loads, nor will it, in general J be 
profitable to use low alloy steels for such structures. 
In recent years there have been many advances in welding 
procedures, techniques and materials; such as the development of the low 
hydrogen elect~ode and improvements in the properties of some of the low 
alloy steels. With such improvements, it is desirable to determine 
whether the fatigue strength of welded joints in low alloy steels might 
have been improved enough to make the use of such materials economical 
in str~ctures subjected to repeated loadingso 
2 
Because the specifications of ASTM designation A-242 are 
quite general, the chemical and metallurgical properties of different 
steels meeting the requirements vary considerably and the test results 
obtained for one A-242 steel might not be representative of other steels 
in this classification. AccordinglYJ to determine the uniformity of 
results, the butt-weld tests included tr~ee low alloy steels having 
appreciably different chemical compositions. 
The details of the specimens used in the investigations are 
shown in Figs. 1 and 2. The longitudinal fillet-welded joints were 
employed to study the fatigue and static properties of fillet welds 
stressed parallel to the direction of welding. Longitudinal and trans-
verse butt-welded joints were tested to study the same properties of butt 
welds stressed parallel to, or perpendicular to the axis of the weldo 
Tests were also performed on plain plate specimens to determine the 
properties of the base metal. 
3. Description of Material 
The 3/4 in. thick steel plates used in these tests were all 
purchased to comply with the ASTM specifications for A-242 steel. 
According to the mill tests, steel P, Mayari-R, and Steel T, Tri-Ten, 
also meet the military specification for ET8 steel, ~l (8) 12505, Grade 
1; steel Q, Tri-Ten-E, is an A-242 steel without nickel and meets the 
military specification for HTS steel, Mil (8) 12505, Grade 5. Figures 3 
to 6 inclusive show the location of the test specimens as originally 
flame cut from the parent plates. 
3 
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The chemical composition and physical properties of the materi-· 
als used in the inve-stigation a~e presented in Tables 1 and 2, respectiyely. 
The physical properties were determined by testing tensile ceupons, having 
8 ., ---'-h t " . f' 0 2n' /. an in. gage .Leno I..r ,a a s'traln ra"te (L '. • _..., J..U. nun 0 It may be not.ed 
that the tensile coupons from the plate of steel T did not meet the minimum 
A-242 requirement for yield point;, 50;>000 psi" although the mill tests indi-
cated an acceptable strength 0 Steels P and Q met both the physical ~~d 
chemical requirementso 
4. Preparation of Longitudinal Fillet-Welded Joints 
The longitudinal fillet weld specimens were employed to study 
the fatigue and static properties of fil.let-welded joints stressed parallel 
to the direction of weldi::lg.. As shown in Fig .. Is the test .section of the 
specimen consisted of a 12 in. x 3/4 in. x 2 ft 3 ino center plate joined 
to two 5 in. x 3/4 ino by 2 ft 7 in. outside plates with four, 8 ina long, 
single pass, 5/16 in. fillet welds" The design stresses were approximately 
equal for the weld and outside plates; a stress of 12,800 psi in the outside 
plates corresponding to a stress of 13,7600 psi aeross the throat of the 
weld. 
All of the longitudinal fillet-welded joints were prepared 
from steel P. Because there was o~~y a limited amount of this steel, it 
was necessary to conse::ove mate:rial by using the P steel only for that 
portion of the specimen comprising the test sections A-7 steel heads were 
welded to the test section as show~ in Figo lao After the heads were 
welded to the test plates, the outside plates vJere machined to final dimen-
sions, the machined edges draw filed, and the mill scale ground off of 
the areas of the center plate where the weld 'YJas to be deposited. 
5 
In order that all welding could be performed in the horizontal 
position, the plates were clamped in a jig, as pictured in Figo 7~ which 
could be rotated 180 degrees about a horizontal axiSe Before the clamps 
were applied, the center lines of the outside plates were carefully 
aligned with those of the center plate so that the welds of the completed 
specimen would be parallel to the applied load~ 
The 8 ina length of the Single pass fillet weld required a 
change of electrode which. was made a't the midpoint -of the weldo As indi-
cated by the welding sequence, Figo IJ the direction of the welds was 
different for the two welds on one face of the specimen. fruring the 45 
second interval between the deposition of each electrode on one face of the 
specimen, the end of the weld was cleaned)' the open circuit voltage recorded, 
and the unused length of the electrcde measuredo A 15 minute cooling period 
was used before welding was initiated on the second face in order that the 
temperature of the weldment would be 150 dego Fo or less at the st~rt of 
welding~ After completion of the welds, the specimen was allowed to air 
cool for at least 10 minutes before being removed from the welding jigo 
Because the specimen was expeeted to fail in the outside plates 
at the end of a weld, the maximum load to be applied was determined by 
multiplying the total area of the outside plates by the desired maximum 
stress 0 
50 Preparation of Butt-Welded JOluts and Plain Plate SpeCimens 
The dimensions o~ the plain plate and. butt-welded joints in 
steels Q and Tj show~ in Figo 2J are somewhat different than those of 
similar specimens in Steel Po L~though the width of the test section was 
kept at 4 ine, the length of the Tedu.~ed section of the plain plate and 
transverse butt=welded specimens was increased from 4 inc to 6 ino~ 
6 
the shorter length cf test section had been required for the P specimens 
because of the limited amoun~ of material. and the resulting necessity of 
welding heads of other steel to the test section of low alloy steelo The 
length of the test section was increased to 5 ino for the longitudinal 
specimens of steels Q and T!l which had heads of A-7 steel welded to the 
test section of A-242 steel" With a longer straight section for the longi-
tudinal butt welded joints, the length 9f the transverse butt weld joining 
the heads to the main par~ of the test specimen was reduced slightly by the 
machining of the radius; however, no failures occurred in these weldso 
The plates for the transverse butt welds were flame cut from 
the parent plate with an increased width a.t the joint,9 as illustrated in 
Fig. 8a, to enable the start and the end of the weld to be removed from 
the specimen later by macbiningo In preparation for welding, the plate 
was saw-cut at the joint and the joint machined in a shaper to provide for 
a double V butt weld having an included angle of 60 dego A similar 
procedure was used to prepare the test edges of the l2 in. by 20.5 in. 
plates composing the t'W·o halves of the test section of the longitudinal. 
butt-welded jointso 
In order that each ':if the six weld passes could be deposited 
in the flat positionj the two plates were securely clamped to a welding 
jig, as shown in Figo 7, which could be rotated about a horizontal axiso 
Before the clamps of the jig were tightened, the root opening was set with 
1/8 in" spacers 0 
Because of the occurrence of slag inclusions in the fracture 
surface of the transverse butt welds of steel P, the welding procedures 
were altered somewhat for both types of butt welds in steels T and Q~ 
7 
Low hydrogen electrodes meeting the military specification Mil-E-986A 
(Mil 180) were used instead of the E70l6 electrodes used in the previous 
tests because it had been found in the tests of tee-fillet-welded 
joints(6) that the slag was much easier to remove from welds produced 
with the Mil 180 electrodeo Further, to L~crease the penetration of the 
root pass, the root opening was increased from 3/32 ino to 1/8 in. and 
5/32 in. diameter electrodes were used for the first two passes whereas 
3/16 in. diameter electrodes were used for all six passes in the previous 
tests. The differences between the procedures used for the T ~~d Q speci-
mens were~ a variation in the welding sequence of the longitudinal 
joints as shown in Figo 9, a more meticulous inspection between weld passes 
for the presence of slag on the welds of the Q specimens, slightly higher 
amperages, and shorter cooling periods between passes. Any electrodes 
not to be used within two hours after the seal of a can was broken were 
placed in continuous oven storage at a temperature of about 250 degQ F8 
The welding power was supplied by a 200 ampere direct current 
rectifier type welder of standard manufactureo To increase the consist-
ency of welding conditions from one specimen to another, the welding 
generator was adjusted to the desired voltage and amperage values, shown 
in the welding procedures tabulated in Table 3, with the aid of portable 
meters connected as close to the arc as possibleo During the welding opera-
tions, a 45-second interval between the deposition of each electrode in a 
pass provided time to clean the weld crater from the previous electrode and 
record the procedure data. 
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In order that the first pass might be back chipped and cleaned 
thoroughly, a longer cooling period was allowed between the first and 
second passeso For steel T this period of air cooling was fifteen minutes 
for the longitudinal butt welds but~ because of the shorter length of weld, 
only ten minutes were used for the transverse butt weldse Similarly, cool-
ing periods of five minutes were used between succeeding passeso After 
completion of the weld, the specimen was allowed to air cool for at 
least ten minutes before being removed from the welding jigo· To reduce 
the possibility of the entrapment: of sla.g during welding of steel Q, 
the interpass temperature of tne weldment was increased by using the 
minimum cooling periods necessary for a thorough cleaning of the weldso 
In this case the inter~~l between the first and second passes was 12 min-
utes for the longitudinal welds and 7 minutes for the transverse welds; 
the cooling periods between the succeeding passes were 4 and 3 minutes, 
respectivelYJ for the longitudinal and transverse butt weldso Using 
these cooling periods, the interpass temperature8~ as measured with a 
contact pyrometer~ were increased about 20 degreeso 
With the completion of the test weld, the next step in the 
preparation of the longitudinal butt-welded joints was to machine the ends 
of' the test section tc provide for the double V butt welds which join the 
test section to the pull heads 0 As a part of t.his process; the leI'..gth of 
the test section was reduced to 19 1/4 ina to remove the start and the 
finish of the test weld from the completeQ specimen and thus reduce the 
possibility of failure in the trcmsverse weldo The test section and 
heads were placed on the welding jig~ their center lines carefully aligned, 
the plates securely clamped to the jig and then the heads welded to the 
9 
test section. After the longitudinal specimen had cooled to ambient temp-
erature, it was removed from the jig, the test section was flame cut to 
rough shape, the bolt holes drilled and the specimen machined to the 
dimensions shown in Fig. 2. Finally, the edges of the test section were 
draw-filed to remove the machining marks and to provide a smooth transi-
tion between the straight portion of the test section and the radiio 
Identical machining and filing procedures were used for the plain plate 
and transverse butt weld specimenso 
After the specimens bad been prepared in the above manner, 
measurements of the thickness, including the mill scale j and width of the 
plate were' made at several points in the straight portion of the test 
section. For those specimens which yielded during the test, the measure-
ments were repeated after the yielding had stoppedo However, in all 
cases, the reported stresses were computed from the area as determined 
from the original readingso 
6. Test Procedures 
The fatigue tests were performed at room temperature in two 
200,000 Ib ~apacity Wo M. Wilson lever-type fatigue machines which ran 
at speeds of 150 and 180 cycles per minuteo Because one of the machines 
was not equipped to apply a compressive load) it was necessary that a 
tension be applied to the specimen at all times to insure that the bear-
ings would be properly seated throughout the test5 Accordingly, the 
stress cycle employed in the present tests was one which varied from a 
low tension of about 6000 Ibs to a maximum tension; however, this loading 
will be referred to as a zero-tension cycleo 
10 
The essential features of the testing machine, as shown in 
Fig. 10, are a variable t:b..row eccent.ric which transmits force through a 
dynamometer (for determining the load on the specimen) to a ~ever which 
in turn transffiits the load to the ~pper pull head at a multiplication 
ratio of approximately 15 to Ie The force origiLates in the double throw 
eccentric, vlhich is adjusted to give the d.esired ra.:l.ge of load before the 
test is beguno The maximum load is set by means of an adjustable turn-
buckle mounted between the eccentric and the dynamometer 0 
The calibration constants for the machines bad been obtained 
previously by use of a calibration specimeno With these constants) 2800 
and 3200 Ibs per 0.001 in. deflection of the dynamometers for the machines 
used in these tests, the load on the specimen was determined 0 
Durip..g the inittal adjustment. of the load, plastic straining 
occurred in those specimens tested above their yield point; hence, it 
was necessary to allow sufficient time for the specimen to strain static-
ally under the maximum load before ~his load could be applied repeatedly. 
vThen the rate of yielding~ if anYJ had diminished sufficientlYJ the load 
range ~vas set on the eccentric and t?::J.e test begun" 
Failure of the specimens was considered to have occurred 
when a fatigue crack large enough to actuate a micro-switch cut-off on 
the machines stopped the test" In most cases the failure occurred when 
the machine was not under observation since the tests were conducted on 
a 24-hour basis 0 .A..fter failing i!.'~ fatigue J the pla:tn plate and butt weld 
specimens were pulled apart stati.cally in order that the fracture surfaces 
might be examined 0 
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One specimen of each type was tested statically in a 6oo~ooo 
lb Riehle testing machine at a strain rate of GolO in. per minute for 
the plain plate and butt weld specimens and 0.05 ino per minute for the 
longitudinal fillet-welded jointo C~nerally) a 4 ine gage length was 
used to determine the per cent elongation of the plain plate and butt 
weld specimensQ However, since the failure of the tra~sverse butt weld 
specimen of steel T occurred outside of the gage length, a 6 ino gage 
length was used for the similar specimen of' steel Qo 
7. Method of Computing Fat,igue Strengths 
In order to numerically compare the results of fatigue tests 
of specimens tested at different stress levels, fatigue strengths corres-
ponding to failure at 100JOOO cycles, flOO,OOOJ and at 2,OOOJOOO cycles, 
f2,OOO,OOO~ have been computed from the formula* f = S(N/n)k where S is 
the stress at wb~ch the specimen failed after N cycles, n is the number 
of cycles for which the fatigue strengthJ f~ is desired and k is an exper-
imental constant determined from the slope of the median line when the 
S-N diagram is plotted to a logarithmic scalee Ideally, the value of k 
should be determined from the actual results for each series of tests; 
however, with a limited number of tests, the value obtained would be 
greatly influenced by a single, particularly erratic resulto Accordingly, 
the values of k used for the evaluation of these tests have been deter-
mined by plotting the results of previous; similar specimens on one S-N 
diagram. and finding an average val1:.e of the slope CI 
* See University of Illinois Engineering Experiment Station Bulletin 302, 
po 1110 
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Generally, if the number of cycles to failure was less than 
600,000, this data was used to compute a value of flOO~OOO; if the value 
of N was greater than 300,000 cycles, f2 000 000 was determined 0 Thus J 
J , 
. for specimens failing between 300 j OOO and 600,000 cycles, both fatigue 
strengths were computed from the test da,tao If a specimen withstood more 
than 2,000,000 cycles, it was assumed that its stress was at, or below, 
the endurance limit and the value of fatigue strength was recorded as 
being equal to S+ 0 
13 
III 0 TEST REStJLTS 
8. Results of Fatigue Tests of Longitudinal Fillet-Welded Joints 
Five of the longitudinal fillet-welded spe~imens3 subjected 
to repeated loading.\l failed in the out.side p.lates at the end of a weld 
as indicated in Figo 110 The sixth specimen had a fatigue crack tl"'~ough 
the throat of one weld as well as a crack in the outside plate at the end 
of the weld on the opposite face of the specimene However, it appears 
that the initial failure occurred in the plateo Four of these failures 
initiated in the plate from the crater end of a weld and two from the 
strike endc 
The S-N diagram.9 Figo 12.? shows that the specimens tested on 
the higher stress cycle y 0-20J OOO'psi J e~~~ibited negligible scatter whereas 
those tested with the lower stress cycle J O~14JOOO psiJ had a considerable 
amount of scattero The fatigue strengths ror failure at lOOyOOO cycles, 
shown in Table 4, were computed using k == 0028. 
Because the fatigue strength of longitudinal fillet-welded 
joints is a function of the ratio of the stress on the throat of the 
weld, ow' to the stress in the outside plates, apI' it is impossible to 
make a direct comparison between the present results and those obtained 
from previous tests of specimens of A-7 steel because) as indicated in 
Table 5, none of the previous specimens had the identical dimensionso 
AccordinglYJ in Fig& 13, the ave~age fatigue strength for failure at 
lOO,OOO cycles, for each previcus series of t.ests, :b.as been plotted against 
the dimensionless product 0)0 10 ObviouslYj the relative stresses are 
"( p ....... 
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inversely proportional to their areas; i "eo, ow''' O"pl = Apl/ Aw 'where Apl is 
the sum of the cross sectional areas of the two outside plates and A is 
w 
the total throat area of the four weldso When these values are plotted 
on a logarithmic scale, the relationship is fairly well represented by a 
straight lineo Thus, from the diagram, it would appear that the average 
fatigue strength for the low alloy specimens is 15-20 per cent higher than 
would have been obtained if tests had been performed on geometrically 
similar joints in A-7 steel 0 
9. Results of Fatigue Tests of Plain Plate Specimens 
The location of the fatigue failures and the fatigue strengths 
of the plain plate specimens of steels Q and T are presented in Table 6. 
All of the failures of the T specimens initiated at, or near, the edge of 
the plate in the radius or at the junction of the radius and the straight 
portion of the test section. One of the Q specimens failed in the 
tangent section also, one failed in the straight portion and one failed 
in several places in the middle of the plate in the straight test sectiono 
Examination of the fracture surfaces of the latter specimen did not 
reveal any particular defects that caused these rather unusual failureso 
Photographs of typical fracture surfaces of the plain plate specimens are 
shown in Figo 14. 
As would be expected from the tensile coupon yield strengths 
of approximately 48,000 pSi, specimen T3 yielded when the maximum stress 
of 50,000 was applied~ Although the coupon tests indicated a yield 
strength for the Q steel of above 51,000 pSi, specimen Q3 began yielding 
within the first 1000 cycles of loading when subjected to a 0-50,000 psi 
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stress cycle. In addition, after 1,224,000 cycles of a 0-45,000 psi stress 
cycle, specimen T2 began to yield; it appears that the yield strength may 
be lowered under the action of repeated loads. 
The fatigue strengths for failure at 100,000 and 2,000,000 
cycles have been computed using a value of k = 0.11; this is equal to the 
values obtained from previous tests of plain plate specimens. To facili-
tate a comparison with the results reported for steel P, as well as to 
compare the results of the A-242 specimens with those of previous A-7 
specimens, the average results of the previous tests(7) are presented in 
Table 7 and the individual test results are plotted on the S-N diagram 
of Fig. 15 along with those of the present serieso 
As may be noted in the S-N diagram, the scatter of results of 
the Q steel was less than tbs.t of the T and P steels, and, although the 
scatter bands of all three steels overlap, the T specimens generally had 
the longer fatigue lives for a given stress cycle. 
The average fatigue strengths of the T and Q specimens were 
about 9 and 3 per cent higher, respectively, than that obtained from 
steel P. It appears also that the low alloy steels had average values of 
flOO,OOO from 10 to 25 per cent higher than that of A-7 steel. 
10. Results of Fatigue Tests of Longitudinal Butt-Welded Joints 
The fatigue fracture surfaces pictuxed in Fig. 16 are typical 
of the failures of the longitudinal butt-weld joints of steels T and Q; as 
noted in Table 8, all of the failures initiated in a region of a surface 
pass where the electrode had been changed. Although there are some varia-
tions in the metallurgical properties at a change of electrode as a result 
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of a short period of air cooling and the subseCluent arc- strike, it would 
appear that the cause of failure was primarily geometrical, because a 
notch-type discontinuity of some severity is formed perpendicular to the 
direction of the applied stress wherever a new electrode is started. 
As may be seen in the S-N diagram, Figo 17, the Q specimens 
exhibited very little scatter but had the lowest fatigue lives of the 
three low alloy steels tested; generally, the fatigue lives of the T 
specimens lie between those of the Q and P specimens. These trends are 
also apparent in the fatigue strengths reported in Tables 7 and 8; using 
a value of k = 0018, the average fatigue strength at 100,000 cycles of 
the longitudinal butt welds of steel P is 9 and 5 per cent higher, respect-
ively, than those of steels Q and To 
Fatigue data obtained from the 1953-54 series of longitudinal 
butt-welded joints in A-7 steel is also plotted with the results of the low 
alloy tests in Fig. 17 and is summarized in Table 7. The scatter bands 
of the A-7 specimens overlap those of the Q and T specimens and, in fact, 
the average fatigue strength of the A-7 steel welded with the E7016 elect-
rode is almost as high as that of the Q steel" Accordinglyj the average 
fatigue strengths of the longitudinal butt welds in low alloy steels 
~Tary from 7 to 12 per cent greater than those of the A-7 joints prepared 
with E7016 electrodes and l2 to 20 per cent greater than those of the A~1 
joints prepared with E6ol0 electrqdes. Thus the use of the E70l6 electrode 
for the joints of A-7 steel made the advantage of the low alloy steel 
negligible. 
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ll. Results of Fatigue Tests of Transverse Butt-Welded Joints 
The location of the fatigue failures of the transverse butt-
welded joints is described in Table 90 In spite of the changes in the 
welding procedure [use of electrodes meeting military specification 
Mil-E-986-A (Mil 180)) smaller diameter electrodes for the root passes, 
and a larger root opening] five of the six transverse butt welds of steel 
T failed internally from slag inclusions~ or other impurities) in the 
weld metal. However, it was noted that fatigue cracks bad also ini t,ia ted 
at the edge of the weld of one of these specimen.so One ·joint did fail at 
the edge of the weld but, after the specimen was fractured statically, 
a small fatigue crack was also found in the weld metal. As mentioned 
UL~der the preparation of the specimens J the welding procedures were 
altered slightly for the Q specimens as a result of the inclusions in the 
welds of steel To Even 'W'i th the higher interpass temperatures and meticu-
lous inspection of each pass :ror slag, one of' the Q joints failed from an 
internal defect" Further, when the specimens were statically pulled 
apart, it was fOUL~d that, of the two Q specimens failing at the edge of the 
weld, one had an internal defect visible in the fracture surfaceo A photo-
graph of the fracture surface of the latter s~ecimen is included in 
Figo 18. 
Thus, it is obvious that improvements in the welding electrodes 
or techniques are needed t9 inslxre the elimination of failures in the 
w~ld metal. However, the occurrence of fatigue cracks at the edge of one 
of the welds that failed from an interp~ defectJ plus the fact that the 
specimens which failed at the edge of the weld bad fatigue strengths not 
more than 5 per cent greater than the joints which failed internally, 
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makes it appear that a negligible increase in fatigue strength would 
accompany the elimination of the internal failures 1k"'lless such measures 
also improved the fatigue resistance at the edge of the- weldo Neverthe-
less, the possibility of fatigue failure at low stresses would be reduced 
with the elimination of the internal defects. 
The S-N diagramJ Figo 19, shows that the results of the Q spec-
imens did not have nearly as much scatter as those of the P and T speci~ 
mens 0 However~ the scatter bands of the three low alloy steels overlap to 
a considerable extent so that there appears to be little, if any, advantage 
for any one of the steels 0 The same conclusion is apparent in the data 
included in Tables 10 and 1 as the T and Q steel joints bad values of 
f100,OOO which were only 2 per cent bigher than those of the P jointso 
The low alloy steels had fatigue strengths which averaged 
about 12 per cent higher than those of the previous test of plain carbon 
steel when the latter specimens were welded with E6010 electrodeso How-
ever, when E70l6 electrodes were used with the A-7 steel, the advantage of 
the A-242 joints was reduced to only 2 to 5 per cento Thus, even if the 
failures in the weld metal of the low alloy joints could be eliminated, 
assuming that the resulting increase in fatigue strength would be the 5 
per cent indicated previously, the transverse butt=welded joints in the 
low alloy steels would only have about a 10 per cent advantage over 
similar joints of A~7 steel welded with E7016 electrodeso 
120 Results of Static Tests 
A. Longitudinal Fillet~Welded Joints 
As indicated by the cracking of the mill-scale on the surface 
of the plates of the joints» one weld of the static longitudinal 
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fillet-welded joint yielded at a nominal stress of about 35,000 psi on 
the throat of the weld. However, two of the welds showed no apparent 
yielding until the stress was about 50,000 psi. Local yielding was noted 
in the center plate at a plate stress of 36,500 psi in the region of the 
transverse weld joining the test section to the pull head. Failure 
occurred by shearing of all four welds, ona surface approximately 
through the throat of the weld, at a maximum load of 367,500 Ibs, or 
a stress of 55,000 psi. 
B. Plain Plate Specimens and Butt-Welded Joints 
The results of the static tests of steels T and Q are given 
in Table 11 and the fracture surfaces are sh~w.n in Figso 14, 16, and 18. 
For steel Q the yield and ultimate strengths of the plain plate speci-
mens were about the same as those of the tensile coupons, whereas, for 
steel T the yield strength of the plain plate specimen, 50,500 psi, was 
about 2700 psi,bigher than that of the tensile COUpODSo This variation 
was especially surprising when it is noted that one of the fatigue speci-
mens yielded when subjected to a static stress of 47,000 psi. 
The fact that the longitudinal butt-welded joints had static 
strengths 1000 to 4000 psi higher than the plain plate specimens is an 
indication that the weld metal had a somewhat greater strength than the 
base metals. Because the failures of the transverse butt-welded joints 
occur away from the weld, the strengths of the joints were approximately 
those of the plain plate specimens except for the yield strength of the 
static specimen of steel To However, it may be noted that the yield 
strength of the latter joint, 46,800 psi, was close to the tensile 
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coupon yield strengths, 47J200 and 48,300 psi. Thus, it appears that 
the strength of the transverse butt-welded joint of steel T is not so 
much an indication of a reduction for the butt weld but more likely an 
indication of an exceptionally high result for the plain plate specimen. 
As evidenced by the values of elongation and reduction of 
area, the plain plate specimens of the two steels bad about the same duct-
ility and, also, the reductions in ductility due to the restraint of the 
weld of the longitudinal butt-welded joints were similar for botho 
Naturally, the restraint of the transverse butt weld on the yielding of 
the parent metal is not as great as that of the longitudinal butt welds 
for a specimen with this geometry so, accordingly~ the values of reduction 
of area of the transverse butt welded-joints were closer to those of the 
plain plate specimens than were those of the longitudinal butt weldso 
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SUMMARY AND CONCLUSIONS 
130 Summa.ry. of' Results 
The average results of the 1954-55 fatigue tests of welded 
joints in low alloy steels are summarized in the accompanying table 
which gives the average fatigue strengths for all specimens tested with 
the mill scale and weld reinforcement ono 
FATIGUE STRENGTH 
flOO,OOO f 2,000,000 
psi psi 
Longitudinal Fillet-Welded Joints 
Steel P 22,400 ------
Plain Plate Specimens 
Steel T 57,800 42,500 
Steel Q 55,300 40,000 
Steel P 53,500 38,500 
Longitudinal Butt-Welded JOints 
Steel T 45,100 ___ tIIIOc=I_ 
Steel Q 42,200 ---- .... -
Steel P 47,200 28,200 
Transverse Butt-Welded Joints 
Steel T 39,400 26,700 
Steel Q 39,400 ------
Steel P 38,600 26,300 
The following results were obtained from the above tests of 
welded joints in A-242 steels. 
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1. The fatigue failures of all of the longitudinal fillet-
welded joints initiated in an outside plate at an end of a weldo 
2. Although several of the plain plate fatigue specimens 
6f steel T and Q yielded during the tests, these steels bad fatigue 
strengths for failure at 100,000 cycles which were somewhat bigher, 9 
and 3 per cent, respectively, than those of steel P. 
3. The failures of the longitudinal butt-welded joints gener-
ally initiated in regions of a surface pass where the electrode had been 
changed. Although the scatter bands of the three steels did not overlap 
to a great extent, the range in the average fatigue strengths was only 
6 per cent. 
40 The failures of most of the transverse butt-welded 
joints of steel T and one of the joints of steel Q initiated from inclu-
sions in the weld metal. Although the P specimens, tested with reinforce-
ment on, all failed at the edge of the weld, the average fatigue strength 
of the P steel was 2 per cent less than that of the T and Q steels. 
5. Even though the results of the specimens prepared from 
steel Q generally exhibited less scatter than those of steels T and P, 
none of the steels had a consistent advantage for all three types of 
specimens. 
6. The static longitudinal fillet-welded joint, of steel P, 
failed by shearing of all four welds approximately through the throat of 
the welds at the maximum stress, 55,000 psio 
70 Generally, the static strengths of the steels were not 
affected appreciably by the presence of longitudinal or transverse butt 
welds. 
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The following results were obtained primarily from a compari-
son of the specimens, tested with the mill scale and reinforcement on, 
of the 1954-55 tests of A-242 steels and the 1953-54 tests of A-7 steelo 
10 It appears that the average fatigue strength of the 
longitudinal fillet-welded joints of steel Pare 15 to 20 per cent bigher 
than would have been obtained from geometrically similar jOints in A-7 
steel welded with E60100 
2 .. The average yield strengths of the tensile coupons of the 
low alloy steels were from 45 to 75 per cent higher than those of the A-7 
steel whereas the difference in fatigue strengths for failure at 100,000 
cycles was only 10 to 25 per cent for the plain plate specimenso 
3. The average fatigue strengths of longitudinal butt-welded 
joints in the low al~oy steels were from 12 to 20 per cent higher than 
those of A-7 joints welded with the standard electrode-E6010o However, 
the use of the E70l6 electrodes for the A-7 joints reduced the advantage 
of the low alloy specimens to about 10 per cento 
4. For transverse butt-welded joints, the advantage of the 
A-242 specimens was about 10 per cent when the A-7 joints were welded with 
E60l0 electrodes but less than 5 per cent when E70l6 electrodes were used 
for the A-7 joints. 
14. Conclusions 
It appears that the fatigue strengths of steels meeting the 
requirements for ASTM designation A-242 may not differ appreciably in 
spite of the comparatively wide variations in their chemical compositionso 
FurtherJ the presence of a weld in the steel reduces the magnitude of the 
variations between the average fatigue strengths of the different low 
alloy steelsG 
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As indicated by the initiation of failure from internal 
defects for most of the transverse butt welds of steels T and Q, 
improvements in the welding materials or procedures are highly desirable. 
However J the present tests gave indications that the increase of fatigue 
strength resulting from the elimination of internal inclusions would 
only be on the order of 5 per cent unless the severity of the stress 
concentration at the edge of the weld would also be reduced~ 
The low alloy steel joints have fatigue strengths 10 to 20 
per cent higher than those of similar joints of A-7 steel welded with 
E6010 electrodeso 
PART II 
THE EFFECT OF THE PRESENCE OF WELDS ON TEE TENDENCY 
TOWARD BRITTLE FRACTURE OF STRUCTURAL STEELS 
v c DESCRIPrION OF SPECIMENS AND TEST PROCEDURES 
150 Object and Scope of Investigation 
There bas been considerable interest in recent years in the 
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problem of brittle fracture of structural steels and a great deal of work 
has been carried out to determine the conditions under which brittle 
fracture will occuro In most laboratory tests it has been necessary to 
include an artificial stress concentration such as ~ corner~ a notch or 
a saw cuto In many cases the specimens have been subjected to rapidly 
applied loads to produce brittle fractureo 
The tests described in this portion of the report have been 
conducted as pilot tests to determine whether the stress concentrations 
inherent in a welded joint are sufficient to .produce brittle fractureo 
These stress concentrations consisting of incluSions, blow holes and hard 
,spots are at least as severe as any which could be provided artificiallyo 
The current investigation was carried out under static loading and low 
temperaturec 
The results of tests of this type may not be the same for all 
types of welds and different kinds of steele If, however, some correla-
tion can be obtained from test results on a simple specimen, it might be 
possible to improve the brittle fracture characteristics of welded 
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structurese The purpose of this study) therefore, is to investigate the 
possibility of obtaining brittle fractures in simple welded joints without 
any artificial stress concentrations 0 If a brittle fracture is obtained 
in these simple welded joints, it will be desirable to study a large 
number of different steels and welding proceduresc 
160 Des~ription of Material 
In order to determine whether this test procedure was sui table) 
the specimens were fabricated from a steel which is brittle at relatively 
high temperatureso The steel employed was an ASTM A-7 rimmed steel with 
the chemical and physical properties given in the tables below 0 
CHEMICAL PROPERTIES OF STEEL L 
Chemical c Mn p 8 81 
Per Cent 00013 00047 
PHYSICAL PROPERTIES OF STEEL L 
Yield Point Tensile Strength Per Cent Per Cent 
Elongation Reduction 
psi psi in 8 ino of Area 
39 J 6oo 64,800 2806 4803 
A previous investigation10 had shown that this material is 
quite susceptible to brittle fractureo It had been found that for a 
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temperature of _loFo the rimmed steel with machined edges was 93 per cent 
brittle and the energy absorption was 90 in. kips/ sq. in~/ 4 in. gage 
length and at a temperature of +2SoF. this material was 75 per cent 
brittle and the energy absorption was 75 in. kips/ sq. in./ 4 in. gage 
length 0 The machined specimens of rimmed A-7 steel were 80 to 100 per 
o 
cent brittle at temperatures between 0 and-20 Fe 
17. Preparation of Specimens 
As shown in Fig. 20, two types of welded specimens were 
employed in the brittle fracture investigation: longitudinal butt-
welded jOints and transverse butt-welded joints. The longitudinal butt-
welded joints were made of two identical pieces 3/4 in. thick welded in 
the axial direction. Each of these two parts was machined to provide for 
a double V butt weld having an included angle of 60 deg. The transverse 
butt-welded joints were made of two identical pieces of the same material 
welded perpendicular to the axial directiono 
After completion of the welds, the specimens were machined 
to have a reduced section 4 in. wide and 4 in. long at the center of the 
specimen. The reduced edges of the specimens were draw filed to remove 
the discontinuity between the straight section and the radiuse 
To obtain a basis on which to judge the behavior of the welded 
joints, two plain plate specimens were prepared with the same dimensions 
as the welded joints. 
IS. Test Procedures 
A 300,000 lb capacity Riehle testing machine was employed to 
apply a static load to the specimen at a strain rate of 0.052 in. per 
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minute travel between the heads. The specimens were held in the heads of 
the machine by 4 in. flat grips. The tests were conducted at a tempera-
ture of approxima. tely -20 deg 0 F .. 
A refrigeration system which employed dry ice in a petroleum 
base solvent as a coolant was used to obtain and maintain the temperature 
of the specimen at -20 dego 'F. Dry ice was added to the reservoir of 
solvent to cool the solvent somewhat below the desired specimen tempera-
tureo The cooled solvent was then pumped through cooling tanks which were 
clamped against the sides of the specimen" The specimens had been pre-
cooled by immersion in the tank before installation in the testing machine~ 
To increase the rate of heat transfer, a coating of grease was placed 
between the cooling tanks and the specimen .. 
The temperature during testing was recorded continuously by 
means of a Micromax automatic recorder" A copper-constantan thermocouple 
was used to measure the temperature" The thermocouple was mounted on a 
piece of spring steel which held it against one of the reduced edges 
of the specimen by bearing agains't the cooling tank c The spring steel 
was insulated from the cooling tanks by means of tape protectors on the 
ends of the spring steel bearing against the cooling tanks .. 
The following measurements were taken to determine the 
ductility, energy absorption and the strength of the specimen .. 
(a) Micrometer measurements of the thickness 
and of the width of the test section before 
and after testing., 
(b) The distance between the two punched holes 
of the 4 ina gage length was measured to the 
nearest 0001 inu before and after testinge 
( c) A record of the yield point J maximum load J 
and the fracture load 0 
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In addition to the tnformation obtained from the loading arm 
of the testing machine) a CU~7e of load versus deflection between heads 
was automatically recorded during the testSa The drum type recorder 
employed a piano-wire drive to record the deflection between the heads. 
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VI.. TEST RESULTS 
19.. Presentation of Test Results 
The results of test are presented in Table l2 which gives the 
mean and the range of the temperature J the per cent brittle appearance J 
the reduction of area, the per cent elongations the yield stress, the 
maximum stress, the fracture stress and the tot~l energy absorptiono 
The percent brittle appearance was estimated after fracturee The 
standard ductility measurements y per cent reduction of area and per cent 
elongation were determined from the gage length measurements taken before 
and after the test .. 
The yield stress y maximum stress and fracture stress are all 
based on the yield loadJ on the maximum load and on the fracture load) 
respectively, and the measured area before testing .. 
The computations used in the calculation of the energy absorp-
tion are included on the typical load-deflection curve shown in Fig .. 210 
The load scale of the curve was determined by calibration 0 This calibra-
tion varies slightly for each specimen depending on how the specimen 
seated itself in the grips.. The area under the curve scaled with a pla.:ni-
meter gives the energy absorption in the 4 in.. gage length .. 
Photographs of typical fracture surfaces of the plain plate 
specimens, transverse butt-welded specimens and longitudinal butt~ 
welded specimens are shown in Fig .. 22 .. 
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20. Discussion 
In view of the small number of tests, it is impossible to 
draw any general conclusions; however~ certain trends in the data are 
worthy of discussion. Study of the data presented in Table 12 reveals 
that there is a significant change in the reduction of area and per cent 
elongation when there is a weld present in the specimene The transverse 
butt-welded joint has a reduction of area which is only about 18 per cent 
of that exhibited by the plain plate specimen 0 The reduction. of area of 
the longitudinal butt-welded joint is about 50 per cent of ' that of the 
plain plateo 
The yield stress and fracture stress were affected very little 
but there is a: considerable change in the energy absorbed 0' Here again the 
transverse butt-welded joint bad the smallest energy absorption. When 
compared with the energy absorption of the plain plate, the transverse 
butt-welded joint had a value about 30 per cent of that exhibited by the 
plain plate; the corresponding value for the longitudinal butt-welded 
joint was 70 per cento 
Visual inspection revealed that there was an increase in the 
brittle appearance of the fracture surface of specimens with a welded 
jointo Comparison of the energy absorption after the maximum. load~ 
revealed that both of the welded joints had considerably.less energy 
absorption after maximum load than did the plain plateo 
The nature of the material used for these specimens makes it 
difficult to draw any clear cut conclusionso It is possible that the 
material does not exhibit typical properties of welded jointso The test 
results do, however, indicate that the stress concentration of the weld 
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alone appears to be sufficient to change the brittle fracture character-
istics considerably 0 This fact is most evident from a study of the duct-
ility measurements and the energy absorption characteristics of the differ-
ent specimenso 
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TABLE 1 
CHEMICAL COMPOSITION OF STEEL PLATES 
* Chemical Content in Per Cent 
Steel 
C Mn P S Si Cu Ni Cr Vq 
p 0 .. 12 0.56 00106 00043 0·32 0.45 0.46 0.61 
T 0020 1.08 0.010 0 .. 025 O~lO 0.38 0060 
Q 0.19 1.10 0.022 0 .. 028 0.25 0.43 0.04 
* Check Analysis 
TABLE 2 
PHYSICAL PROPERTIES OF STEEL PLATES 
(Standard 8 inc Gage Length Tensile Coupon) 
Plate Specimen Yield Strength Tensile Strength 
Number 
psi psi 
Steel P 
P5 PE10 55,800 76,700 
p4 PE16 58,000 76,300 
P3 PE14 57,300 76,400 
Pl PE17 56,000 77,300 
Average 56,800 76,700 
Mill Report 57,600 81,700 
Steel T 
Tl Tr2 48,300 74,100 
Tl Tr7 47,200 13,100 
Average 47,800 13,600 
Mill Report 51,300 76,900 
Steel Q 
Q). QT5 51,500 17,100 
Ql QT6 54,100 77~600 
Average 53,100 77,600 
Mill Report 55,300 82.9900 
per··Cent 
Elongation 
in 8 inQ 
25 
24 
25 
25 
--
25 
24 
27 
28 
--
27 
26.5 
26 
26 
26 
2405 
Per Cent 
Reduction 
of Area 
54 
50 
53 
5-5-
53 
56 
59 
58 
48 
49 
49 
\.).I 
0\ 
WELDING PROCEDURES 
Pass Steel Electrode Diameter Open Current 
Circuit 
Voltage 
ino Volts Amp 0 
Longitudinal Fillet Welds 
All p E7016 3/16 73 190 
Longitudinal Butt Welds 
1 T Mil 180 5/32 72 125 
1 Q Mil 180 5/32 72 145 
2 T Mil 180· 5/32 73 150 
2 Q Mil 180 5/32 72 165 
3 j 4 T Mil 180 3/16 73 200 
3~4 Q Mil 180 3/16 72 215 
5~6 T Mil 180 3/16 73 195 
5.)16 Q Mil 180 3/16 72 205 
Transverse Butt Welds 
1 T Mil 180 5/32 73 135 
1 Q Mil 180 5/32 73 150 
2 T Mil 180 5/32 73 150 
2 Q Mil 180 5/32 73 165 
3.9 4 T Mil 180 3/16 13 200 
3,94 Q Mil 180 3/16 73 215 
5,96 T Mil 180 3/16 13 190 
5,6 Q Mil 180 3/16 73 210 
Voltage Burn off 
Rate 
Volts ina/mino 
21 804 
21 8.8 
20 902 
21 909 
21 9·6 
22 909 
21 907 
22 909 
21 903 
20 904 
21 902 
21 9·5 
21 906 
22 1000 
21 909 
22 902 
21 9.2 
Rate of 
Travel 
in. Imino 
6e1 
3.,5 }.,4 
407 
5~O 
700 
601 
6.4 
508 
3.0 
301 
301 
4.6 
605 
6.,2 
501 
500 
\.).I 
-.:J 
Specimen 
P26 
P27 
P28 
P29 
P30 
P32 
TABLE 4 
RESULTS OF FATIGUE TESTS OF LONGITUDmAL 
FILLET-WELDED JOINTS 
Stress on Cycles Fatigue Strength a 
Outer Plates to 
f 100,OOO f Failure 2 j OOO, 000 
psi leY psi psi 
20,000 175 .. 6 23,400 ___ IlIIt __ 
14,500 1,01803 27,800 12}000 
14,000 29804 19,000 ___ c.. __ 
20,000 162 .. 8 22,900 -_ ... _--
14,000 22506 17,600 ___ CCl.-.c;.-
20,000 185 .. 9 23,600 --- ... -~ 
Average 22,400 
a 
k = 0028 
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TABLE 5 
AVERAGE RESULTS OF PAST AND PRESENT FATIGUE TESTS OF 
LONGITUDINAL FILLET-WELDED JOINTS TESTED ON 
A ZERO TO TENSION STRESS CYCLE AND FAILING IN THE PLATES 
39 
Series Electrode A ~L a flOO,OOOb cr 'W w 
Area of Area of O'pL 
Weld Metal Plate 
in. 2 in. 2 
A-242 Steel 
P,1954-55c E7016 7007 7050 10062 22~4oo 
A-7 Steel 
1953-54c E6010 6 .. 19 4050 00728 21,9500 
1953-54c E7016 6 .. 19 4.50 0·728 223700 
T,Bu1.l. 350c d 4024 3 .. 00 00707 21,000 
U,Bull. 350c d 4024 4 .. 50 1 .. 093 20,100 
V,Bull .. 350C d 4024 6075 1·58 14!J200 
W,Bull. 350c d 4024 6075 1058 15,300 
Y,Bull. 350c d 8.48 5062 0.662 25,300 
EZ,Buil .. 350 c d 11.13 6 .. 75 00690 2l,600 
a S ~l w 
-=-Spl A w 
b k = 0 .. 28 
c See bibliography references 7 and 9 
d 
electrode not specified 
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TABLE 6 
RESULTS OF FATIGUE TESTS OF PLAIN PLATE SPECIMENS 
Specimen Stress Cycles Fatigue Strengtha Location 
a 
b 
to f' f of Failure -lOO" 000 . 2;1000))000 Fracture b 
psi 10' psi psi 
Steel T 
T2 45:;000 1,787.2 a. __ c. __ 44,400 radius 
T3 50:;000 40906 58,? 400 42,000 tangent section 
T5 46,200 696.0 57,200 41,100 tangent section 
Average 57,800 42.9500 
Steel Q 
Ql 50,000 224.2 54J 600 CID _____ 2 edges of tangent 
sections 
Q2 48»000 304.6 54,300 39~lOO test section 
Q3 49,100 38406 57,000 41$000 interior of test 
section 
Avera.ge 55,300 40J ooo 
k = 0,,11 
radius: Failure ini tiatedfromJ) or near ,9 edge in radius 
transition section: Failure initiated i'romj? or near$ -the section 
where the radius is tangent to the straight portion of the 
test section 
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TABLE 7 
AVERAGE RESULTS OF PREVIOUS TESTSa 
Static Strength Fatigue Strength 
Steel Electrode Yield. Ultimate flOO,OOO f k Point Strength 2,OOOJOOO 
psi :psi 
PIa/in Plate Specimens 
A-242,P 58,100 75,700 53,500 38;>500 Ooli 
A-7 31,800 53,000 ... __ .... -- 34,600 0.18 
Longitudinal Butt-Welded Joints 
A-242,P E7016 58,200 78,500 47~200 28,200 0018 
A-7 E7016 39,700 61,400 41,700 26,300 0013 
A-7 E60l0 39,300 66,4-00 37,400 24,500 0013 
Transverse Butt-Welded Joints 
A-242,P E7016 55,600 77,300 38,600 26,300 0.13 
A-7 E7016 31,800 52,500 37,800 23,800+ 0.13 
A-7 E6010 31,700 52,900 34,900 24,000 0013 
a See bibliography references 7 and 5. 
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TABLE 8 
RESULTS OF FATIGUE TESTS OF LONGITUDINAL BUTT-WELDED JOINTS 
Cycles 
Specimen Stress to 
Fatigue Strengtha 
f .. f 
Failure 100,000 2j OOOJ 000 
Initiation 
of -
Failureb 
psi 103 
T12 40,000 229,,2 
T15 40,000 14501 
T16 40,000 216,,8 
Average 
Q9 4000 145,,1 
Q10 40.0 141.1 
Qll 41.4 118·7 
Average 
a k = 0018 
b 
change of electrode~ 
Steel T 
46 j 500 ------ change of electrode 
42.'1700 
_____ UIIIJ 
change of electrcde 
46,000 ___ CIIIIII __ change of electrode 
45,100 
Steel Q 
42,700 ---~~- change of electrode 
42.9 600 ___ CIJI_c.aa change of electrode 
41,300 -- ... -~- change of electrode 
42,200 
The failure initiated in a region of a surface 
pass where the electrode had been cha,ngedo 
TABLE 9 
LOCATION OF INITIATION OF .. FATIGUE FRACTURES IN TRANSVERSE BUTT· .. WELDED JOINTS 
steel T 
T6 Fracture started internally at a slag inclusion. T9 
Several fisheyes in fracture surface. 
Fracture started internally at a slag inclusion. 
Also a fatigue crack at the edge of the weld. 
T1 Fracture started internally at an inclusion TIO Fracture started at edge of weldo 
T8 Fracture started internally at a slag inclusiono Tll Fracture started internally at an inclusion. 
Q5 Fracture started at edge of weld. Also a 
fat1gu,e crack which initiated from an 
internal in(!lusion 0 
Several fisheyes i,n fracture surfaces 0 
steel Q 
Q6 Fracture started internally on inclusion. 
Several fisheyes in fracture surfaces 0 
Q7 Fatigue cracks initiated from 3 different edges 
of weld. 
+:-
\..N 
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TlffiLE 10 
RESULTS OF FATIGUE TESTS OF TRANSVERSE BUTT-WELDED JOINTS 
Stress Cycles .. a Fatigue Strength 
Specimen to 
£'100.$l000 :f Failure 2,000.9 000 
psi 103 psi psi 
Steel T 
T6 37)000 17705 39:;900 --~-~-
T7 37»000 11308 37,500 -----~ 
T8 30,000 60808 _CIIO_"_CIIICJ 25,700 
T9 37.)1000 33102 432}200 2921 300 
TIO 30,000 825.6 . CEIiO ______ 26:;700 
Til 30~OOO 507 .. 1 37,000 25:;100 
Average 39,400 26.$l700 
Steel Q 
Q5 37$000 172.0 39i 700 aa_a. ___ 
Q6 37J OOO 13305 38,400 ___ GIIIII __ 
Q7 36f}700 190·5 4009 000 aeJ. ____ CIO 
Average 39,400 
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TABLE II 
RESULTS OF STATIC 'mSTS 
Yield Strength Maximum Per Cent! Per Cent 
Specimen Strength Elongatiop Reduction 
psi psi in 4 ino a of Area 
Longitudinal Fillet-Welded Joint 
P3l 34~000b 55 j 500b 
Plain Plate Specimens 
Tl 50,9500 74 J 500 41 52 
Q4 52»400 76~lOO 44 52 
Longitudinal Butt~Welded Joints 
Tl8 52,9000 11J 600 36 39 
Ql2 55,9200 78,200 36 42 
Transverse Butt-Welded Joints 
T4 46,800 73 J 500 44 
Q8 50.)7900 773 600 29c 49 
a Gage lines marked on edge of specimen 
b Stress on throat of weld 
c 6 ine gage length 
RESULTS OF BRITTLE FRACTURE TESTS OF WELDED SPECIMENS 
Specimen Specimen 0 Temperature F Per Cent Per Cent M9.ximum Fracture Yield 
Number Type Mean Range Redo Elongo Stress stress stress 
of Area ksi ksi ksi. 
Ll Plain -16 o/~26 3806 3206 7201 6600 
Plate 
L2 Plain -24 -18/~30 3407 3005 1208 6803 4203 
Plate 
L3 Transverse -31 -12/=38 507 1000 6504 6504 38~9 
Butt 
L4 Transverse ~23 =21/..,24 704 1200 6807 6807 4003 
Butt 
L5 Longitudinal -25 -20/=30 1407 1800 1409 7406 44.,0 
Butt 
L6 Longitudinal =23 -20/-25 22,,1 2202 1403 7305 44,,6 
But.t 
Energy Absorption 
Total After 
Maximum 
8207 35$5% 
7707 2402% 
2107 OoCY/o 
2900 Ooa{o 
46.9 1205% 
5900 100 <y% 
Per Cent 
Brittle 
Appearance 
80 
85 
98 
100 
100 
100 
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